Chronic periodontitis is a chronic infectious inflammatory disease characterized by the destruction of toothsupporting structures (1) . A limited number of specific bacteria are required, but not sufficient, for disease initiation (2) . Disease onset and severity are determined by host factors such as heredity, diabetes and smoking (3) . Diagnostics of periodontal disease is dependent to a great extent on clinical parameters such as probing pocket depth, clinical attachment loss, tooth mobility, furcation involvement, bleeding on probing, plaque index and radiographic quantification of marginal bone loss (4) . These parameters mainly measure destruction from previous disease and tell us little about the patientÕs disease activity and risk for disease progression. Identification of individuals at risk of periodontal disease or disease progression has proved difficult both at a patient and at a tooth level. At a patient level, smoking and diabetes with poor glycaemic control appear to be the most significant predictors of progressive periodontitis (5) .
Absence of bleeding on probing indicates periodontal stability, but its presence shows low specificity as an indicator of disease progression (6) . The periodontal risk assessment model was developed in 2003 to help clinicians identify subjects at risk of further disease progression while in supportive periodontal treatment. The model incorporates six parameters associated with progression of periodontal disease (7) . In 2008, this model was evaluated in subjects with severe periodontits enrolled in a supportive periodontal Background and Objective: Whole saliva is a complex mixture of fluids essential for the well-being of the oral hard and soft tissues. Saliva contains numerous antimicrobial proteins that help protect the oral ecosystem from infectious agents. Chronic periodontitis is an infectious chronic inflammatory condition that affects the tooth-supporting structures and leads to their destruction. The aim of the present study was to investigate differences in concentrations of salivary lactoferrin in subjects with and without periodontal disease and correlate these values with clinical variables associated with periodontal disease.
Material and Methods: Stimulated whole saliva was collected from 17 subjects with chronic periodontitis and 17 periodontally healthy control subjects. Data relating to bleeding on probing, probing pocket depth and horizontal bone loss were registered. Concentrations of lactoferrin, lysozyme and IgA in stimulated whole saliva were quantified using ELISA.
Results: Subjects with chronic periodontits showed higher concentrations of lactoferrin in stimulated whole saliva compared with periodontally healthy control subjects (p < 0.05). Salivary concentrations of lactoferrin were positively correlated with bleeding on probing (p < 0.001) and the number of sites with probing pocket depth ‡ 6 mm (p < 0.001).
Conclusion:
Lactoferrin is raised in stimulated whole saliva in subjects with chronic periodontitis and is correlated with probing pocket depth ‡ 6 mm. treatment programme. The authors concluded that the periodontal risk assessment model overestimates the risk for disease progression (8) .
A diagnostic tool that would help clinicians to identify individuals with active disease and/or risk for disease progression would be of great value. With the knowledge of an individualÕs level of risk for disease or disease progression, clinicians could focus their treatment efforts on the individuals with the greatest need and avoid overtreatment of individuals with little risk of disease. One such possibility is the identification of one or more oral fluid biomarkers associated with periodontal disease and its progression. Oral fluid biomarkers related to periodontal disease can be associated with soft tissue inflammation, alveolar bone loss, bacterial products, antimicrobial proteins, etc. In an attempt to find biomarkers associated with periodontal disease and its progression, extensive studies have been done on crevicular fluid, glandular saliva and whole saliva (9) (10) (11) . Of these fluids, stimulated whole saliva is the one most easily collected and contains proteins secreted from the salivary glands, as well as components from gingival crevicular fluid (12) .
Lactoferrin is one of at least 45 different antimicrobial proteins identified in saliva (13) . Lactoferrin is a metalloprotein that is produced in a number of tissues and is frequently found in human exocrine secretions such as tears, saliva, sweat, colostrum and milk. Polymorphonuclear leucocytes store large amounts of lactoferrin in their secretory granules (14) . Faecal lactoferrin has been shown to be a sensitive and specific marker for inflammatory bowel disease and is useful in identifying patients with active disease (15) (16) (17) . Faecal lactoferrin, together with faecal calprotectin, can be used to predict impending clinical relapse in inflammatory bowel disease (18) . Lactoferrin has previously been examined in relation to periodontal disease, and higher concentrations of salivary lactoferrin have been shown in aggressive periodontitis (19, 20) . In chronic periodontitis, higher concentrations of lactoferrin are found in gingival crevicular fluid and are correlated with probing pocket depth. The authors suggested that higher lactoferrin concentration in gingival crevicular fluid may be a more sensitive indicator of periodontal pathology compared with traditional clinical variables (21) .
In analogy to faecal lactoferrin, we hypothesize that salivary lactoferrin can be used in the same way for periodontal disease, to identify subjects with periodontal disease and to differentiate subjects with active disease and/ or risk for disease progression. Therefore, the aim of the present study was to measure the concentration of lactoferrin in saliva from subjects with and without chronic periodontitis and test whether these concentrations correlate with clinical variables associated with periodontal disease.
Material and methods

Subjects and inclusion criteria
In order to be included in the study, test subjects were required to show general horizontal bone destruction of at least one-quarter of the root length as judged on intra-oral bitewing radiographs. Test subjects were further required to exhibit at least four teeth with pockets ‡ 5 mm and to be positive for bleeding on probing.
Individuals recruited to the control group were not allowed to exhibit any radiographic evidence of horizontal bone destruction as judged from intraoral bitewing radiographs. Furthermore, control subjects were not allowed to have any pockets > 4 mm.
Sixty patients treated for moderately advanced chronic periodontits according to the definition by the American Academy of Periodontology 1999 (22) at the Department of Periodontology, Malmo¨University, Sweden were invited to take part in the study, which was conducted between October 2010 and December 2010. The subjects had all been referred for treatment of chronic periodontitis after initial screening at the Department of Oral Diagnostics, Malmo¨University, Sweden. Seventeen patients fulfilled the inclusion criteria.
For the control group, 50 patients treated for caries, endodontical and/or prosthodontic problems at the Department of Prosthodontics, MalmoÜ niversity, Sweden were also invited to take part in the study. Seventeen patients fulfilled the inclusion criteria. After sampling of whole stimulated saliva, patients were examined clinically and radiographically.
Periodontal assessment
All individuals underwent a periodontal examination by one examiner (P.G.), who had been calibrated for reproducibility before the study was conducted. A j-value of 91% was calculated for probing pocket depth within 1 mm. The following variables were analysed in the present study.
Number of teeth-A root remnant was considered as a missing tooth.
Probing pocket depth-All teeth were probed at four sites (mesiobuccal, midbuccal, distobuccal and midlingual). Only sites with probing ‡ 4 mm were registered. Probing was performed with a calibrated periodontal probe (PCP12; Hu-Friedy, Chicago, IL, USA) to the nearest millimetre (diameter of the probe tip was 0.5 mm; 3 mm increments).
Bleeding on probing-Full-mouth bleeding on probing (23) was registered in conjunction with periodontal probing. If bleeding arose on probing, the examined site was considered inflamed.
Radiographic assessment to determine alveolar bone loss was undertaken as appropriate using bitewing and periapical radiographs.
Sampling
Two millilitres of stimulated whole saliva was collected while chewing on paraffin blocks in standardized conditions. The importance of standardized conditions and sample handling has been previously reported, and the use of stimulated saliva is recommended for ease of standardization (24, 25) . Before sampling, subjects were required to chew for 1 min, and saliva was discarded. Samples were frozen and stored at )80°C until final analysis.
ELISA
Salivary lactoferrin was analysed using indirect ELISA. In addition, human salivary IgA and lysozyme were analysed as a control. Samples were allowed to thaw at room temperature for 90 min and were then centrifuged at 18,000g for 10 min in a centrifuge (Beckman Coulter, CA, USA) to remove particulates. After appropriate dilution in phosphate-buffered saline (0.15 M NaCl + 0.005 M NaH 2 PO 4 , pH 6.5), samples were coated in duplicate onto multiwell assay plates (3912; Falcon, Franklin Lakes, NJ, USA) overnight at room temperature. Standards used were lactoferrin from human milk, lysozyme from neutrophils and IgA from colostrum (Sigma-Aldrich, St Louis, MO, USA). Plates were blocked for 1 h with phosphate-buffered saline containing 0.05% (v/v) Tween 20 and 1% (w/v) bovine serum albumin (blocking solution) and incubated (1 h). Reactivity was detected with an alkaline phosphatase-conjugated swine anti-rabbit antiserum, diluted 1:2000 in blocking solution using nitrophenyl phosphate (2 mg/mL in 1 M diethanolamine-HCl buffer, pH 9.8, containing 5 mM MgCl 2 ) as a substrate. Reactivity was expressed as absorbances at 405 nm after 1 h. Standards were serially diluted and used to generate standard curves. The curves showed a linear relationship between the serial diluted standards and the absorbance (data not shown). The amounts of the three proteins in the samples were determined by plotting the optical density against the separate standard curves and multiplied with dilution factors.
Ethical requirements
The study was performed in accordance with the Declaration of Helsinki. All study participants gave their signed, informed consent before inclusion in the project.
Statistical analysis
Statistical calculations were performed in INSTAT 3 
Results
Subjects
In total, 60 subjects with chronic periodontitis (CP+) were examined and, of these, 17 subjects fulfilled the inclusion criteria and agreed to participate in the study. Fifty individuals without chronic periodontitis (CP)) were also examined and, of these, 17 subjects fulfilled the inclusion criteria and agreed to participate in the study. The study sample comprised 34 participants. The characterization of the study population by sex, age and periodontal status is presented in Table 1 . Four of the 17 individuals in the CP) group had a bleeding on probing > 20%, but without any bone loss. These individuals might be classified as patients with gingivitis. The CP+ group contained eight smokers and five individuals with diabetes mellitus, while none of our control subjects were smokers or diabetics. Subjects with chronic periodontitis exhibited a higher bleeding on probing (45%) compared with the control group (20%). Sites with probing pocket depth ‡ 4 mm were prevalent in the test group, whilst only occasional sites with probing pocket depth £ 4 mm were found in the control group. Sites with probing pocket depth ‡ 6 mm were numerous and limited to the test group.
Proteins
In order to evaluate whether there are any associations between the lactoferrin concentration and chronic periodontitis, ELISA was used to measure the concentration of lactoferrin in our test and control groups. As a control, we also measured concentrations of IgA and lysozyme.
Concentrations for measured proteins can be found in Table 2 . Significantly higher concentrations of lactoferrin were found in the test group (2.71 lg/ mL) compared with the control group (1.12 lg/mL; p < 0.05). Our measurements of IgA and lysozyme showed no significant differences between the test group and control group. Pearson product-moment correlation coefficient for protein concentration and clinical variables associated with periodontal disease are presented in Table 3 and Fig. 1 . Lactoferrin was positively correlated with bleeding on probing in the test group (p < 0.001) and in the control group (p < 0.05). In the test group, concentrations of salivary lactoferrin were positively correlated with the number of sites with probing pocket depth ‡ 6 mm (p < 0.001). Neither IgA nor lysozyme showed any significant correlation with the tested variables.
Discussion
The key finding of the present study was that individuals with chronic periodontitis had higher concentrations of salivary lactoferrin in stimulated whole saliva. Elevated concentrations of salivary lactoferrin have previously been reported in subjects with aggressive periodontitis (19, 20) , but to our knowledge, this is the first study showing this in patients with chronic periodontitis.
The increased levels of lactoferrin found in this paper can be explained by increased secretion from the salivary glands and/or increased leakage from the crevicular fluid. Sites with periodontal disease have been shown to have larger volumes of crevicular fluid compared with healthy sites and also a higher concentration of lactoferrin (21, 26) . The crevicular fluid concentration of lactoferrin has been shown to decrease towards normal concentrations after treatment, which suggests that lactoferrin might be a suitable marker for monitoring treatment effects in periodontal disease (26, 27) . In the present study, we cannot exclude a contribution of crevicular lactoferrin to the higher concentrations found in CP+ subjects; however, as we used stimulated whole saliva, comparing the relative amounts originating from the major salivary glands with the crevicular fluid contribution, it is reasonable to assume that the major part of the increase in lactoferrin concentration originates from the salivary glands. This, however, needs to be further studied before a definite conclusion can be drawn. Lactoferrin originating from the salivary glands has been shown to be present at higher concentrations in subjects with aggressive periodontitis when both whole and parotid saliva were analysed (20) .
In the CP+ group in this study, a few subjects were smokers and some suffered from diabetes, facts that might impair the validity of the results. However, studies concerning smoking and concentrations of lactoferrin in saliva have shown that lactoferrin levels tend to decrease in smokers (28) (29) (30) . The expected influence of including smokers in this study would be that we might underestimate the increase of lactoferrin concentration within the CP+ group. For patients with diabetes, both higher concentrations of salivary lactoferrin have been found (31) , as well as no differences in concentration (32) when compared with healthy control subjects. In the present study, we found significantly increased levels of lactoferrin, despite the presence of smokers and diabetic patients in the CP+ group. In addition, when the smokers and diabetic patients were excluded from the results, the significance still remained. In this study, salivary concentrations of lactoferrin were positively correlated with bleeding on probing in both groups. This correlation was most prominent in the group with chronic periodontitis. In the CP+ group, salivary lactoferrin was also correlated with the number of sites with probing pocket depth ‡ 6 mm. Correlations between salivary lactoferrin and bleeding on probing in adolescents have been found previously (33) . Residual sites with probing pocket depth ‡ 6 mm after initial periodontal therapy have been associated with risk for disease progression and tooth loss in subjects enrolled in a supportive periodontal therapy programme (34, 35) . Although it requires further study, lactoferrin concentrations in saliva could also be a candidate marker for disease progression.
In inflammatory bowel disease, which is a chronic relapsing inflammatory disorder, thought to result from an inappropriate inflammatory response to commensal microbes in a susceptible host (36) , faecal lactoferrin is used as a diagnostic marker. Inflammatory bowel disease and periodontal disease share several factors in their aetiology and pathogenesis (36, 37) , and studies have shown that faecal lactoferrin can be used to identify subjects with inflammatory bowel disease and also to distinguish between active and inactive disease (15, 16) . It is tempting to speculate that salivary lactoferrin could be used to assess disease activity in chronic periodontitis.
Two control proteins, lysozyme and IgA, were analysed in conjunction with lactoferrin. No differences in the concentration of these two proteins were seen between the two groups. These findings show that the differences in lactoferrin levels presented here are not due to a generally altered protein concentration. Lysozyme has been studied previously, and no correlation between lysozyme concentration and bleeding on probing was found in adolescents (33) . Concerning salivary IgA and periodontal disease, both higher (38, 39) and lower (40, 41) concentrations of salivary IgA have been shown in subjects with periodontal disease.
In conclusion, higher levels of salivary lactoferrin were detected in subjects with chronic periodontits and correlated with probing pocket depth ‡ 6 mm. Further studies with a prospective and longitudinal design are required to determine whether salivary lactoferrin can be used as a diagnostic marker for periodontal disease and/or as a prognostic marker for disease progression. Another valuable aspect is to establish whether salivary lactoferrin can be confirmed as a biological marker of active and inactive periodontal disease.
